The [Co(NO 3 )(bipy) 2 ](sq) 1/2 · 4H 2 O complex (I) (bipy: 2,2'-bipyridine, sq 2− : squarate) has been prepared and characterized by elemental analysis, IR, UV/vis spectra, thermal analysis, and single crystal X-ray diffraction. The title compound crystallizes in the triclinic system, space group P1, with a = 7.6302(9), b = 12.0426(15), c = 14.2271(14)Å, α = 107.252(9) • , β = 98.755(9) • , γ = 103.363(9) • and Z = 2. The Co(II) ion in its octahedral complex is chelated by the nitrogen atoms of the two 2,2'-bipyridine, and by two oxygen atoms of the nitrato group. The anionic squarate behaves as a counter ion. Thermal analysis has shown that the title compound decomposes in three stages over the range 20 -1000 • C on heating in a static air atmosphere. The final decomposition product is CoO.
Introduction
Squaric acid (H 2 C 4 O 4 , H 2 sq) has been of much interest because of its cyclic structure and possible aromaticity. In recent years, considerable progress has been made in the crystal engineering of multidimensional arrays and networks containing metal ions as nodes. From the viewpoint of crystal engineering, squaric acid is a useful tool for constructing crystalline architectures, because of its rigid, planar four membered ring framework, and its proton donating and accepting capabilities for hydrogen bonding [1 -5] . Squaric acid has also been studied for potential application in xerographic photoreceptors, organic solar cells and optical recording [6, 7] . Studies of the coordination chemistry of the squarate ligand have also attracted increasing attention because it gives rise to a wide variety of complexes and adopts mono-or polydentate coordination modes when acting as a ligand towards first row transition metal ions [8 -27] , in which most squarates bridge metal ions via cis-oxygen atoms or trans-oxygen atoms. Only a limited number of articles have focused on squarate complexes, where 0932-0776 / 06 / 1000-1249 $ 06.00 © 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com squarate acts as a counter ion [23 -32] . Solid state thermal studies of several metal squarates and mixed ligand metal squarate complexes have been reported, indicating a high thermal stability of the squarate moiety [29 -32] .
Research on organic−inorganic hybrid materials has attracted much attention owing to their importance for the development of new materials with unusual properties, such as nonlinear optical (NLO) response, magnetism, luminescence, and multifunctional properties [33 -35] .
In the present paper, we describe the synthesis, spectroscopic and thermal studies and crystal structure of an organic-inorganic hybrid Cobalt(II) complex of 2,2'-bipyridine and nitrate ligands and with a squarate counter ion.
Results and Discussion

IR spectrum
The important IR absorption bands of the title complex are listed Table 1 . The spectrum shows a broad and intense band located at 3467 -3332 cm −1 due to [9] . The νCo-O and νCo-N vibrations are observed at 507 and 411 cm −1 , respectively, as weak bands.
UV/vis spectrum and magnetic susceptibility
The λ max values of the absorption bands in the UV/vis spectrum of I are 502, 835 nm and the corresponding ε values are 63 and 14 cm −1 M −1 , respectively. These values were assigned to the following d-d transitions: ν 2 : 4 T 1g → 4 A 2g ; ν 1 : 4 T 1g → 4 T 2g . The 4 T 1g → 4 T 1g (P) transition was not observed since this band may be shifted to the UV region. The ∆ o value was calculated as 7.944 cm −1 and exhibits an experimental magnetic moment of 4.12 BM corresponding to three unpaired electrons.
Thermal analysis
Thermal decomposition proceeds in three stages. The bipy ligands and the chelate rings are almost planar. The angle N3-Co1-N1 is virtually linear, whereas O2-Co1-N4 and O1-Co1-N2 deviate much from linearity. On this basis, atoms N2, N4, O1 and O2 can be chosen to form the basal plane of the octahedron, and the equatorial positions are occupied by atoms N1 and N3. The maximum deviation from the basal plane is 0.0782 (18)Å for atom O2. There are also considerable differences between N-Co-N angles in the cationic complex. Considering these differences in bond lengths and deviations, it can be said that the coordination environment of the cationic complex is a distorted octahedron (Table 3) , similar to related structures [36 -38] . The dihedral angle between the bipy ligands is 71.83(4) • . The uncoordinated squarate anions are at the unit-cell corners. The dihedral angle between the squarate anion and a pyridine ring is 27.13 (10) [23, 39] .
The crystal packing is mainly stabilized by intraand inter-molecular hydrogen bonding between the squarate anion and water molecules. The cationic complex is involved in inter-molecular hydrogen bonding, O8-H25...O3 iii , via its nitrato ligand whereas the bipy ligands are not involved in hydrogen bonding. These interactions are depicted in Fig. 2 and are included in Table 3 .
Experimental Section
Materials and measurements
All chemicals used were analytical reagent products. Elemental analysis for C, H, and N was carried out at the TÜBİTAK Marmara Research Centre in Turkey. The magnetic susceptibility measurement was performed at r. t. using a Sherwood Scientific MXI model Gouy magnetic balance. The UV/vis spectrum was obtained from the aqueous solution (10 −3 M) of the title complex with a Unicam UV2 spectrometer in the range of 900 -190 nm. The IR spectrum was recorded in the 4000 -200 cm −1 region with a Mattson 1000 FT-IR spectrometer using KBr pellets. A Rigaku TG8110 thermal analyzer was used to record TG, DTG and DTA curves in static air atmosphere at a heating rate of 10 Kmin −1 in the temperature range of 20 -1000 • C using platinum crucibles. Highly sintered α-Al 2 O 3 was used as a reference, and the DTG sensitivity was 0.05 mgs −1 . 
Preparation
Crystallographic analysis
Diffraction experiments were carried out at 296 K on a Stoe IPDS diffractometer. The structure was solved by Direct Methods using the program SHELXS97 [40] . All nonhydrogen atoms were refined anisotropically by full-matrix least-squares methods [40] . The hydrogen atoms of bipy ligands were placed in geometrically idealized positions and refined as riding atoms. The hydrogen atoms of the water molecules were treated with constraints. The relevant crystal data and experimental conditions along with the final parameters are summarized in Table 2 . Data collection: X-Area, cell refinement: X-Area, data reduction: X-RED [41] ; program(s) used to refine structure: SHELXL97 [40] ; molecular graphics: ORTEP-3 for Windows [42] ; software used to prepare material for publication: WinGX [43] .
Supplementary Material
Crystallographic data for the structural analysis have been deposited with the Cambridge Crystallographic Data Centre, CCDC No. 286118. Copies of this information may be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data request/cif.
